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Abstract 
The unique advantages of using polarized 3He as neutron spin filters, such as broadband and wide angular acceptance 
of neutron beams, have made it widely used in most neutron facilities. Over the last several years, we have developed 
a polarized 3He program to meet the increasing needs of 3He based neutron spin filters at the Oak Ridge National 
Laboratory  (ORNL) High Flux Isotope Reactor (HFIR) and Spallation Neutron Source (SNS). At ORNL, polarized 
3He is produced using Spin Exchange Optical Pumping (SEOP). We have constructed a 3He cell fabrication station to 
produce 3He cells of different pressures and dimensions. Two optical pumping stations have been built in the lab to 
perform ex situ pumping of 3He. A compact in situ 3He analyzer has been constructed and installed for the Magnetism 
Reflectometer (MAGICS) at SNS. A novel polarized 3He filling station for the Hybrid Spectrometer (HYSPEC) at 
SNS is under development. 
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1. Introduction 
Polarized 3He neutron spin filters are now being widely used in polarized neutron scattering 
experiments [1-4]. They can polarize a broad energy range of neutrons, and have a wide angular 
acceptance ideal for analyzing divergent beams. The principle of using polarized 3He as a neutron spin 
filter is based on the fact that it has very strong spin-dependent neutron absorption cross sections; this 
permits passage of the neutrons with spin parallel to the 3He spin, while absorbing the neutrons with 
antiparallel spin.  
We polarize the 3He using the SEOP method [5]. Two ex situ pumping stations have been built in our 
lab, where we can routinely polarize 3He up to 75% polarization. Because 3He polarization decays once it 
is removed from the pumping station, 3He cells with long lifetime are of vital importance for ex situ 
experiments [6]. Using our in-house 3He cell fabrication station, we are constantly making long life time 
cells ranging from 100 hours to 350 hours depending on the cell filled pressures. We have also developed 
a compact in situ polarized 3He system [7, 8]. This system has been successfully tested on the MAGICS 
time-of-flight spectrometer at the SNS and achieved a 3He polarization of 76% ± 1% which was 
maintained over a 3 week period [8]. We are also developing a novel polarized 3He filling station which 
will perform polarization analysis for the HYSPEC time-of-flight spectrometer at SNS. 
In this paper, we report the current status of our program.  In Sec. 2 the preparation of cells and our 
cell fabrication station are discussed. In Sec. 3 the ex situ and in situ systems at ORNL are presented. In 
Sec. 4 the current status of the polarized 3He filling station is presented. 
 
2. 3He Cell Fabrication Station 
2.1. Cell Preparation 
Most of our cells are made from boron-free aluminosilicate GE180 glass because of its low 3He 
permeation and small wall relaxation effect [9]. However, GE180 is only commercially available as small 
tubing. In order to get a desired shaped cell, usually cylindrical, the tubing has to be reblown by the 
ORNL glassblowers. After a cell is made, it experiences a pressure test, typically at 65 psi, to make sure 
the cell will not rupture under the normal SEOP high temperature condition (200°C). The cell is then 
attached to a stringer with one or two tubes at one end. The other end of the stringer will be later 
connected to the gas filling station through a glass-to-metal transition (Fig. 1). 
 
 
 
Fig. 1. A typical stringer attached with 6 GE180 cells. On the left are two end tubes used to accomadate the alkalia 
metals used for the optical pumping of the 3He . Close to the end of each tube is a small retort. 
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Our cell cleaning and filling process is very similar to that used at the National Institute of Standards 
and Technology (NIST) [10]. A cell has to be thoroughly cleaned prior to being filled with the gas 
mixture to remove impurities and dust on the cell surface. This is the key to making a long lifetime cell. 
We first clean the cell with laboratory glassware detergent and distilled water, then rinse several more 
times with deionized water to get all the detergent out, rinse twenty more times and then do a final rinse 
with methanol or ethanol. We then attach the stringer to the cell fabrication station. After depositing 
rubidium (Rb) and potassium (K) into the end tubes, we seal them off with a propane gas torch. Next we 
place the cell and stringer in an oven and bake the cell at 400 °C for a week (the end tubes containing 
alkali metals are not in the oven). We use a turbo pump whose base pressure without the cell and stringer 
attached is around 3 x 10-9 torr.  Then with the cell and stringer attached the system typically reaches a 
final pressure of 7 × 10-9 torr by the end of weeklong bake out. After baking out the system we transfer 
. The end tubes are then 
detached from the stringer and the cell and the stringer are baked again for another three to four days. The 
next step is to transfer the alkali metals from the retorts into the cell. For a Rb/K hybrid cell, the Rb/K 
ratio is very important for SEOP [11]. We use a white halogen lamp and a spectrometer to measure the 
D1 and D2 absorption lines to achieve the desired ratio.  
2.2 Cell Fabrication Station 
Fig. 2 shows the schematic of our fabrication station. It consists of a N2 line, a 3He line, and a 4He line. 
Each line has a getter [12] to purify each individual gas. A roughing pump is used for the initial pumping 
process to get a low vacuum, and once the low vacuum (10-3 torr) is established we switch to a turbo 
pump to achieve and maintain a high vacuum. A Residual Gas Analyzer (RGA) is attached to the turbo 
pump to monitor the vacuum pressure and gas compositions. A calibrated volume is used to determine the 
volume of the gas lines and the cell. Two manometers are installed at different locations to read the gas 
pressures. All the gas lines are wrapped with heat ropes to remove any residual impurities on the inside 
surface of the tubing. 
Fig. 2. Schematic of the cell fabrication station. All the pneumatic valves are controlled by a LabVIEW program.  
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Before the cell is filled with gas, the N2 getter is heated to 375 °C and the 3He getter to 400 °C with 
lines open to the turbo pump. After several hours, we start to fill the cell with N2 first and then 3He. 4He 
gas is only added for low pressure 3He cells. After filled, the cell is isolated from the filling station by a 
manual valve and is ready for tip-off.  In order to get a cell with a final pressure greater than 1 bar, the 
cell has to be submerged in liquid nitrogen before it is detached from the stringer. We record the pressure 
in the stringer before the cell is put into the liquid nitrogen and after the cell is detached from stringer, 
respectively. With the calibrated volume, the volume of the cell and the stringer can also be obtained. 
Then we can calculate the final pressure in the cell at room temperature. The calculated pressure is 
usually in agreement to within 10% with the results from a neutron transmission measurement for a given 
cell. 
3. Optical Pumping systems  
3.1 Pumping Stations 
In our lab at the SNS, we have set up two optical pumping stations. One station uses two 250W 5-bar 
diode laser arrays pumping from both sides (Fig. 3) with a 0.55 nm laser spectrum width. The other one 
has a similar setup but is equipped with two 100W single diode laser bars with chirped gratings, which 
narrow the laser spectrum width to 0.23 nm. The laser beams are first configured to match the geometry 
of the cell and then are circularly polarized by computer-controlled liquid crystal variable retarders. The 
main field of each station is provided by a set of Helmholtz coils, which produce a magnetic field in the 
center region with a gradient of about 7 ×10-4 cm-1. The Free Induction Decay (FID) nuclear magnetic 
resonance (NMR) technique is employed to monitor 3He polarization (a relative measure), and the 
Adiabatic Fast Passage (AFP) technique is used to flip 3He spin. In addition, we use the Electron 
Paramagnetic Resonance (EPR) method to get an absolute 3He polarization measurement. To maintain a 
proper alkali vapor density, the oven is heated by flowing compressed air to it through an air heater. The 
heater is interlocked to the air flow to ensure safe operation of the oven. 
 
 
 
 
Fig. 3. Left, a picture of one of the pumping stations. The main field is provided by the big black Helmholtz coil. 
Lasers and optics are mounted on the breadboards.  Right, pictures of two transport solenoids of different dimensions. 
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The overall performance of the two stations is comparable. They both routinely polarize cells to 70% - 
75% polarization. When a request is made to use polarized 3He, we place a polarized cell in a transport 
solenoid powered by an uninterruptible power supply (UPS) or a battery and then transfer it to the point 
of use. We have constructed several transport solenoids and magic boxes [13] of different sizes to 
conform to the limited spaces of different neutron beamlines. Currently, we are constructing two more 
pumping stations which will be stationed at the HFIR to satisfy with the polarized 3He needs at HFIR. 
3.2 In situ system 
One big concern of ex situ pumping is the 3He polarization decay once a polarized cell is removed 
from the pumping station. A perfect solution to this problem is using of in situ systems. For an in situ 
system, lasers are continuously pumping the cell and maintaining a constant 3He polarization over the 
course of an experiment. 
We have constructed an in situ polarized 3He neutron polarization analyzer for the time-of-flight 
MAGICS beamline at SNS [7, 8]. Figure 4 shows the schematic of the system. The solenoid providing the 
main field for the cell is shielded in a μ-metal cylinder with two end caps with opening holes for neutron 
passage. In between the cell oven and the solenoid is wrapped copper tubing, through which chilled water 
is flowed to prevent the solenoid from overheating. The cell is heated by flowing hot air to the oven. Two 
250 W lasers are placed on top shelf above the solenoid and laser light is reflected into the cell by silicon 
mirrors (with di-electric coating to preserve circular polarization) from both sides. During operation, the 
whole system is enclosed with laser shielding panels and is certified to be a Class 1 laser environment. 
The system can also be positioned in and out of the neutron beam with an automated motor stage. The 
same NMR techniques that are used for the ex situ pumping stations are employed to record and flip the 
3He polarization. When the neutron beam is on, we can control and monitor the system remotely in the 
instrument control room.  
 
 
 
 
We recently tested the in situ system at MAGICS. 76% ± 1% 3He polarization was achieved and 
maintained over the entire 3 day duration of test [8]. The system was then kept running for another 3 
weeks after the test and the 3He polarization stayed constant. The system was also used to do full 
Fig. 4. Left, the schematic diagram for the in situ system. Right, a picture of the system installed on MAGICS. The 
laser shielding panels are removed. 
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polarization analysis on a Fe/Cr multilayer reference sample. Detailed results are presented in another 
paper [8]. 
4. Polarized 3He Filling Station 
We are also developing a polarized 3He filling station for the HYSPEC beamline at the SNS. HYSPEC 
employs both the time-of-flight technique and the same type of focusing crystal array typically used as 
monochromators for triple-axis spectrometers [14]. To polarize the incident beam, HYSPEC employs a 
focused array of 33 Cu2MnAl (Heusler) crystals.  At HYSPEC this array allows for an incident energy 
range of 4-90 meV. Polarized 3He is a good neutron polarization analyzer candidate due to its broadband 
analyzing power. In order to provide consistent transmission and polarization throughout the wide angle 
(60° angle in the horizontal plane and 15° in the vertical plane), a 
uniform 3He path length for the neutrons is required. Therefore, the analyzer cell has truncated wedge 
shape as shown in Fig. 5. 
range of up to +/- 110o, depending on incident energy chosen and the constraints of the experiment room.  
We filled and sealed a wide-angle quartz cell and polarized it. The test measured a lifetime of 70 hours. 
Efforts are being made to obtain a wide-angle cell made of GE180, which tends to have longer lifetime 
and less permeation than a quartz cell. 
To account for the variable geometry and the limited space available at the analyzer cell, and to 
optimize the cell pressure for a wide range of scattered neutron energies (4-90 meV), we chose not to 
implement an in situ system. Instead, we are constructing a prototype polarized 3He filling station which 
consists of four major subsystems: a SEOP pumping system, a gas filling system, a gas transfer system 
and a gas recycle system (see Fig. 6). The SEOP pumping system and gas transfer system function within 
a magnetostatic cavity generated by a containment solenoid.  The design of the HYSPEC filling station 
centers on the gas transfer system, which is a large syringe with a motorized shaft that is used for gas 
transfers between other subsystems and the analyzer cell.  During routine operation, we first polarize the 
3He in an offline cell in the SEOP pumping system and then transfer the polarized 3He gas to the analyzer 
cell.  While that volume of polarized 3He is in use on the instrument, the 3He polarization is decaying over 
time, so a second volume of 3He is being polarized in the offline cell on SEOP pumping system. Once the 
3He in the wide angle analyzer cell has decayed to the point it needs to be replenished, the used gas is 
transferred back to a recycle tank in the gas recycle system and the freshly polarized 3He is transferred to 
the analyzer cell so the experiment can resume. The used gas in the gas recycle subsystem is then 
transferred to the offline cell in the SEOP pumping system to be repolarized. 
 
 Fig. 5. A quartz wide-angle cell. It covers 60° angle in the horizontal plane and 15° in the vertical plane.  
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 The HYSPEC gas filling system is employed to first introduce the 3He gas into the other filling station 
subsystems. It consists of several components to keep the purity of ³He as high as possible and to 
minimize the introduction of unwanted gasses and contamination into the entire system. The system uses 
the following types of seals: copper VCR® gaskets, copper ConFlat gaskets, and a custom indium wire 
flange seals. The main filling system begins with two gas filling lines, one for N  and the other for ³He. 
Each gas line uses a high accuracy regulator, a getter device for purifying the given gas, and a metering 
valve to control the output flow of each gas. These two lines then join into a straight line manifold; from 
this manifold a direction of flow can be selected by using Swagelok® manual turn-style valves. A 
connection to a stainless steel tank which serves as the recycle tank of the recycle subsystem, a 
connection to the gas transfer system and a connection to a pump station are also employed. The manifold 
also has additional ports for testing purposes, such as a He filling line. The majority of the plumbing in 
the gas fill system circuit is wrapped with AC-powered heat rope, and wrapped with aluminum foil for 
assistance in heat distribution. The system is baked around 200°C for removing water and impurities. 
The current gas transfer system was fabricated from a modified Fabco-Air UHP series air cylinder 
[15], which lies inside the containment solenoid. The eight inch diameter piston has a double seal ring, 
with a guard vacuum pulled on the area between the seals to minimize leakage of atmosphere into the 
enclosed volume. The piston is connected to a titanium shaft, connected by a threaded brass seal plug. 
The guard vacuum is pulled through a center cavity in the titanium shaft. The titanium shaft is then 
connected to an Exlar GSX-40 linear servo [16] through a half Cardan joint, both of which are outside the 
containment solenoid. The GSX-40 is connected and controlled by a Parker Hannifin servo drive [17]. 
The servo drive is connected through an RS-232 connection to a host computer; the control scheme is 
written in LabVIEW to allow for a user friendly control of the position of the syringe piston. The front 
side of the syringe doubles as a compact manifold that connects to four pneumatically controlled valves, 
which lead to other subsystems and the analyzer cell. These valves use a Viton® O-ring to isolate the 
enclosed volume in the syringe, and the custom indium seal flange on the front face of the syringe. The 
syringe is mounted to and cantilevered off of a stainless steel enclosure that houses the Exlar to prevent 
the remainder of the filling station cart from experiencing any of the torque and translational forces 
generated by the movement of the piston through its range of motion. 
The containment solenoid is designed to create a magnetostatic cavity, and to be easily removable to 
provide access to the gas transfer and SEOP pumping subsystems inside. It is constructed from an 80/20® 
frame u  x 
AWG magnet wire. Compensation coils have been added to assist in providing a uniform field. The 
solenoid has the dual slide mechanism employed that allows it to be slide off and on the housing cart 
without disturbing the position of the breadboard that supports the cell oven, system and give a mounting 
base for the syringe. Use of the 80/20® linear bearings is what allows for this mechanism to function with 
a small over all footprint. It also is completely nonmagnetic due to the use of brass hardware and 
aluminum structures. The solenoid is then encased in a μ-metal shield to help improve field quality. 
The cart frame currently is constructed from 80/20®  x 1.5
great modularity when changes are needed, when compared with a welded tube stock frame. The frame 
houses the majority of all needed electronics and support equipment for the system. This allows the 
system to be portable without the need for a separate carrier or cart for the ancillary equipment. 
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During the initial offline testing of the filling station, we were able to polarize the 3He pump up cell
successfully and achieve an FID signal. The cell lifetime at room temperature was measured to be 10 
hours. We also found that the saturated FID signal in the pump up cell slowly decayed, which is believed
to be a result of permeation and leakage through the valve connecting to the cell. This leakage, however,
is acceptable due to its low decay rate. This is confirmed by driving some alkali metal into the restriction
to isolate the cell from the valve and observing that the FID signal stayed saturated for about 2 weeks 
(Fig. 7). We also tested the polarization loss in the gas transfer system by transferring the polarized 3He to
the syringe and then transfer it back to the cell. We found about 15% polarization loss for each transfer.
We are working to improve the HYSPEC filling station. Currently we are working to implement the 
pumping system by adding AFP and EPR functions. Future improvements are aimed towards eliminating
all Viton O-ring seals, which are prime candidates for polarization loss and possible leaks. To this end,
the syringe is being redesigned to be replaced by a titanium bellow, and the valves at the manifold end of 
the syringe are being rebuilt to use all-indium seals.
Fig. 6. Left, the diagram showing the concept of the HYSPEC filling station. Right, the first prototype station 
assembled in the lab.
Fig. 7. Left, the FID signal decays with time due to permeation through the viton o-rings in the valve and pyrex 
glass-to-metal transition of the cell. Right, when the cell was isolated from the valve, FID signal was stable over a 
week
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5. Conclusions 
At ORNL, we have developed both ex situ and in situ spin-exchange optical pumping systems to suit 
the different needs of the facilities. Our lab-based cell fabrication station allows us to produce high 
quality 3He cells with achievable polarizations above 70%. We are also developing a polarized 3He filling 
station based on SEOP, which will be the first of its kind in the world. 
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